Abstract: Development of psoriasis results from a complex interplay between genetically predisposing factors and environmental triggers that give rise to a self-sustaining pathogenic cycle involving T cells, dendritic cells, connective tissue, and skin epithelium. From 5% to 40% of patients with psoriasis also develop psoriatic arthritis, and increasing evidence indicates an association with other systemic manifestations, including cardiovascular disease and the metabolic syndrome. In psoriatic disease, there is a need for development of biomarkers for assessment of disease severity, for prediction of the outcome of therapeutic interventions, and for distinction between the different clinical variants of the disease. A field of great importance is identification of biomarkers for prediction of development of comorbidities, such as arthritis, cardiovascular disease, and the metabolic syndrome. Genetic determinants of psoriasis and their products not only give an important insight into the pathogenesis of the disease, but may also function as markers of risk for developing cutaneous psoriasis or psoriatic arthritis. So far, there are limited validation data to support the use of candidate biomarkers in clinical practice. Here we review the data from several studies on some of the most promising candidate biomarkers for cutaneous psoriasis and psoriatic arthritis, for the detection of systemic inflammation, and for use as endpoints for therapeutic interventions. Attention is focused on the molecules that take part in the interplay giving rise to psoriasis and on gene products that may represent a link between predisposing genetic factors and the immune and inflammatory processes involved in pathogenesis of the disease. Finally, we provide an overview on how biomarkers can offer insights into the pathogenesis and natural history of psoriasis.
Introduction
Psoriasis is a common chronic inflammatory skin disease affecting approximately 2% of the Caucasian population. 1, 2 The disease appears in different clinical variants, ie, psoriasis vulgaris (accounting for 90% of all cases of psoriasis), inverse psoriasis, generalized pustular psoriasis, palmoplantar psoriasis, and guttate psoriasis, affecting children and adolescents after a β-hemolytic streptococcal infection. 3 Up until now, the distinction between the various forms of psoriasis has been based on clinical features in patients, and there are limited data on biomarkers that can be used as a diagnostic tool in clinical practice.
Psoriasis has three principal histological features, ie, epidermal hyperplasia, leukocyte infiltrates, and an increased number of tortuous and leaky vessels in the dermis. Other histological characteristics are the absence of papillomatosis and an increased mitotic rate of basal keratinocytes, resulting in acanthosis of the epidermis and elongation of rete ridges. [2] [3] [4] In the hyperproliferative epidermis of the psoriatic plaque, keratinocytes are characterized by an abnormal and incomplete differentiation process resembling the regenerative maturation observed during wound repair. 4, 5 Psoriasis was indeed originally considered to be a disease involving mainly keratinocytes whereas, according to the current view, the histological features of psoriasis arise as a consequence of an uncontrolled self-maintaining proinflammatory cycle in the dermis driven by cross-talk between T cells, dendritic cells, connective tissue, and skin epithelium ( Figure 1 ). 4, 6 In the dermis, T cells and dendritic cells form perivascular aggregates that have been hypothesized to function as a secondary lymphoid tissue. 6, 7 At this level, T cell polarization occurs while activated keratinocytes and connective tissue cells secrete cytokines, growth factors, including vascular endothelial growth factor (VEGF) that promotes formation of new vessels, and chemokines that attract T cells and monocytes from the circulation, thus sustaining the pathogenic cycle ( Figure 1 ). 2, 6 The pivotal role of T cells in the pathogenesis of psoriasis was originally suggested by a case of psoriasis which developed after bone marrow transplantation from a donor with psoriasis and was subsequently evidenced in human skin xenografted SCID mouse models. In humans, the role of T cells was definitely confirmed by the clinical outcome of T cell-targeted therapies, such as cyclosporine A, alefacept, and efalizumab, in the treatment of psoriasis. [8] [9] [10] [11] [12] [13] Th1 cells were considered for a long time to be the main mediators of the immune response in psoriatic plaques, but in recent years, several studies have pointed to a critical role of Th17 cells in sustaining skin inflammation. 14 Th17 cytokines, interleukin (IL)-17 A and IL-22, stimulate production of antimicrobial peptides by keratinocytes that, in turn, promote recruitment of inflammatory cells. Very recently, it has been reported that IL-17 itself is capable of enhancing keratinocyte proliferation and inhibiting keratinocyte differentiation via the downstream mediator REG3A, a protein with antimicrobial functions involved in wound repair. 15 IL-22 is also capable of stimulating keratinocyte proliferation via induction of IL-20. 2, 16 Genetic susceptibility factors strongly contribute to the predisposition to psoriasis. Population studies have shown that the incidence of psoriasis is higher among people who have affected relatives, and twin studies have shown that monozygotic twins have a 2-3 times higher risk of developing psoriasis than dizygotic twins. 3, 17 Gene variants in psoriasis have been well described by linkage analyses and genome-wide association scans. Linkage analysis studies have identified nine chromosomal loci associated with psoriasis named PSORS1 to PSORS9. 5, 18 The major genetic determinant of psoriasis resides in the locus of susceptibility, PSORS1, encoding the gene variant HLA-Cw6, which is c arried by up to 60% of patients with early-onset psoriasis. 3, 19 Another locus of susceptibility associated with epidermal differentiation pathways is the epidermal differentiation Notes: Schematic representation of the development of psoriatic disease and of the self-sustaining pathogenic cycle in the derma. Skin plaque formation is induced by environmental triggers in genetic predisposed subjects. Maintenance of the plaque is mediated by a self-sustaining pathogenic cycle constituted by T cells, dendritic cells, connective tissue (fibroblasts) and skin epithelium (keratinocytes). Moreover, the increased vascularity of the derma allows the migration from the circulation into the inflamed tissue of T cells and monocytes that will differentiate into mature dendritic cells. The systemic inflammatory condition characterizing psoriasis is evidenced by the high circulating levels of inflammation markers and, in a fraction of patients, causes the development of comorbidities, such as psoriatic arthritis and cardiovascular diseases. Abbreviations: SNP, single-nucleotide polymorphism; CNv, copy number variation; vEGF, vascular endothelial growth factor. complex gene cluster (PSORS4), that is likely to be involved in terminal differentiation of keratinocytes. PSORS4 contains variations in copy numbers of genes belonging to the late cornified envelope complex and also contains genes encoding the S100 calcium-binding proteins that are produced by keratinocytes and have proinflammatory and chemotactic functions. Other gene variants associated with psoriasis, mostly single nucleotide polymorphisms, belong to the Th1/ Th17 pathway (Il23R, Il12B, Il23A genes) and the NF-κB pathway (TNFAIP3). At the locus encoding human beta defensins, there are increased copy numbers of the genes encoding human beta defensin-2 (DEFB4), human beta defensin-3, and human beta defensin-4 associated with psoriasis. 5, 18 Single nucleotide polymorphisms associated with psoriasis have also been detected at the tumor necrosis factor alpha (TNF-α) gene promoter, and meta-analysis studies have evidenced an association between the -238G/A single nucleotide polymorphism and psoriasis. Importantly, different single nucleotide polymorphisms at the promoter of the gene encoding TNF-α have been reported to be differentially associated with cutaneous psoriasis and psoriatic arthritis. In particular, the −857C/T single nucleotide polymorphism has been reported to be more associated with psoriatic arthritis, and may represent a marker of risk for psoriatic arthritis. 20, 21 Genetic susceptibility loci of psoriasis not only give important insights into the pathogenesis of the disease but may also function as markers of risk of developing cutaneous psoriasis or psoriatic arthritis.
Recently, there has been increasing awareness that psoriasis is more than skin deep, and that the systemic inflammatory condition associated with the disease can be responsible for comorbidities, including diabetes mellitus, metabolic syndrome, and cardiovascular disease. Importantly, 5%-40% of affected patients develop psoriatic arthritis. 2, 3, [22] [23] [24] [25] [26] The diagnosis of psoriatic arthritis is difficult because it has heterogeneous manifestations, and clinical studies suggest that there is a high prevalence of undiagnosed psoriatic arthritis in patients with psoriasis. [27] [28] [29] Therefore, the identification and validation of biomarkers of psoriatic arthritis is a high priority in the field of psoriasis and psoriatic arthritis research.
According to the National Institutes of Health Biomarkers Definitions Working Group, a biomarker is "a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention". Biomarkers can be divided into three categories: type 0 biomarkers, that correlate longitudinally with the severity of the disease; type I biomarkers, that reflect the effect of an intervention according to the mechanism of action of the therapy itself; and type II biomarkers, that are surrogate endpoints for a therapy. 30 They can be represented by soluble, cellular, tissue-associated, or genetic markers.
In psoriatic disease, biomarkers could be relevant for distinction between the different clinical variants of the disease, for assessment of disease activity and severity, and for prediction of the outcome of a therapeutic intervention. Biomarkers could also allow the selection of patient-tailored therapy to maximize the beneficial effect.
A field of great importance is the use of biomarkers for prediction of development of comorbidities such as arthritis, cardiovascular disease, and metabolic syndrome. Finally, biomarkers can also provide insights into the mechanisms involved in the pathogenesis of the disease. So far, there are limited validation data to support the use of candidate biomarkers in clinical practice for diagnosis, assessment of disease activity, or the prognosis of psoriatic disease.
The major concern for validation is the lack of quality control and insufficient statistical analysis, so there is a need for standards to develop validation criteria for biomarker selection. Here we review the data from several studies on some of the most valuable candidate biomarkers for cutaneous psoriasis and psoriatic arthritis, detection of systemic inflammation, and assessment of the therapeutic outcome. We focus our attention on the molecules that take part in the complex interplay giving rise to psoriasis and on the gene products that may represent a link between predisposing genetic factors and the immune and inflammatory processes involved in the pathogenesis of the disease ( Figure 1 ). Finally, we provide an overview on how biomarkers can provide insights into the pathogenesis of psoriasis.
Biomarkers of cutaneous psoriasis
The current gold standard for assessment of disease activity has been the Psoriasis Area and Severity Index (PASI). The limitations of using the PASI score in clinical practice and clinical research are related to the low reproducibility and high variability of the PASI score between physicians. 31, 32 A quantitative way of measuring the severity of psoriasis is by evaluation of histological changes in skin biopsies. Keratins can be used as biomarkers of psoriasis severity because immunostaining with anti-K16, anti-K6, anti-K1, and anti-K10 antibodies reflects abnormal hyperproliferation and differentiation of keratinocytes in the psoriatic epidermis (Table 1) . [33] [34] [35] K16 is upregulated in the suprabasal layers of the interfollicular epidermis, and effective treatment leads to downregulation of K16. 33 It has also been shown that induction of K16 in relapsing psoriasis occurs at early stages during development of a plaque, 36 and increased K16 expression in nonlesional psoriatic epidermis has been suggested as a marker of preclinical psoriasis. 37 Other keratin types, such as K1 and K10, representing markers of terminal differentiation of keratinocytes are instead downregulated in psoriatic skin lesions. 33 With regard to serum biomarkers, the inflammatory condition of psoriasis is confirmed by higher levels of C-reactive protein detected in cross-sectional studies of patients with psoriasis compared with controls. Importantly, a significant positive correlation has been found between C-reactive protein levels and disease severity. 38, 39 Although in the past discordant findings have been reported for the correlation between C-reactive protein levels and disease activity in patients with psoriatic disease, the development of a highly sensitive C-reactive protein method for detection of concentrations , 5 mg/L allowed reliable results to be obtained on levels of circulating C-reactive protein and their correlation with the PASI score. 38, [40] [41] [42] Other systemic inflammatory markers which are raised in patients with psoriasis compared with healthy subjects include the erythrocyte sedimentation rate and fibrinogen levels. 43 A very promising candidate molecule which could serve as a soluble or tissue-associated biomarker of psoriasis is VEGF. Overexpression of VEGF in the pathogenesis of psoriasis is related to increased vascularity in the dermis, which is one of the distinctive features of psoriatic plaques. 2, 3, 6, 44 VEGF expression is increased in skin lesions at both the protein and mRNA levels compared with uninvolved skin and normal control skin. Importantly, mRNA expression levels were found to correlate with PASI score. 44 In the serum of patients with severe forms of psoriasis, VEGF levels were found to be increased and to correlate with disease severity. 45 Indeed, circulating levels of VEGF were higher during active psoriasis and in the presence of psoriatic arthritis, and were lowered during disease remission. 46 Because of this evidence and because of its role in the pathogenesis of the disease, VEGF could represent a promising candidate molecule leading to the development of a biomarker for active psoriasis and psoriatic arthritis, and could represent a factor predictive of disease progression.
Another molecule that has been proposed as a candidate biomarker for psoriasis is human beta defensin-2, an antimicrobial peptide expressed at higher levels in psoriatic plaques. [47] [48] [49] High human beta defensin-2 expression levels can be related to a gene effect arising from copy number variation in DEFB4 encoding the human beta defensin-2 that is associated with psoriasis. Circulating levels of human beta defensin-2 were also found to be increased in patients with psoriasis compared with controls, and to correlate with the PASI score. This recent evidence makes human beta defensin-2 a candidate biomarker of disease activity that can be measured both in the circulation and in tissue. 5, 18, 50 S100A7 (psoriasin), S100A8 (calgranulin A), S100A9 (calgranulin B), and S100 calcium-binding proteins with proinflammatory and chemotactic activity and encoded by the epidermal differentiation complex gene cluster (PSORS4) have been found to be markedly upregulated in psoriatic plaques. 51, 52 In psoriatic skin, expression of S100A7, S100A8, and S100A9 is induced by IL-22 and leads to proliferation of keratinocytes and production of antimicrobial peptides. 16, [53] [54] [55] [56] Higher circulating levels of S100A8 and S100A9 were found in patients with psoriasis compared with controls, and their concentration in serum was found to correlate positively with disease activity. 57, 58 Cytokines involved in the pathogenesis of psoriasis have also been proposed as soluble biomarkers of the disease. In particular, increased serum concentrations of IL-17 and interferon gamma have been reported to correlate with the PASI score. 53, 59, 60 Furthermore, increased levels of the p40 subunit, common to IL-12 and IL-23, have been reported in lesional skin compared with normal skin, and IL-20, the IL-22 induced cytokine that promotes hyperproliferation of keratinocytes, was also found to be present at higher levels in psoriatic skin. [61] [62] [63] Among the inflammatory cytokines, IL-6 and IL-8 have been shown to be increased in both the circulation and in lesional skin compared with controls. [64] [65] [66] [67] [68] The candidate cytokine biomarker of disease severity supported by the greatest amount of evidence is IL-18. Different groups have reported that IL-18 expression is higher in active plaques than in established lesions, is characterized by intensive inflammation and desquamation, and its serum levels are significantly higher in patients with psoriasis than in controls and are positively correlated with the PASI score. 59, 69, 70 Many other molecules have been proposed as biomarkers of cutaneous psoriasis, including metalloproteinase-1 (a marker of tissue damage), transforming growth factor-β1, and tissue inhibitor of metalloproteinase-1. 70 Intriguingly, increased expression of Toll-like receptor 4 has been found in guttate psoriasis, suggesting that Toll-like receptor 4 may be related to the pathogenesis of this clinical variant, which arises after bacterial infection. 71 Finally, regarding cell subsets that could represent biomarkers of psoriasis, Th17, Th1, and been suggested. Recently, we have also reported that patients with cutaneous psoriasis have higher percentages of circulating natural killer T cells when compared with controls and patients with psoriatic arthritis (Bosè et al, unpublished data, Table 1 ). Although detection of different percentages of these cell subsets in the circulation can provide important insights into the pathogenesis of the disease, no conclusive evidence has been provided in support of their possible use as biomarkers.
All the proposed biomarkers are related to the pathogenic mechanisms of psoriasis, so represent valuable tools to assess disease severity and the outcome of a therapeutic intervention. However, they can be considered as additional measures to be used in parallel with the PASI score. Finding a correlation between cellular and/or molecular markers and the PASI score will lead to a very comprehensive understanding of the molecular mechanisms underlying the clinical features of psoriasis.
Biomarkers for psoriatic arthritis
The identification of biomarkers capable of predicting the development of psoriatic arthritis in patients with psoriasis represents a high priority in this field. Recently, an international goal-directed study to determine biomarkers for joint damage in psoriatic arthritis has been initiated through a collaboration between the GRAPPA (the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis) and OMERACT (Outcome Measures for Rheumatology Clinical Trials) groups.
Clinical studies have indicated a high prevalence of undiagnosed psoriatic arthritis in patients with psoriasis. Indeed, diagnosis of psoriatic arthritis is more difficult compared with other forms of arthropathy because of the lack of existing systemic biomarkers for rheumatoid arthritis. The diagnostic criteria used for psoriatic arthritis include the Moll and Wright and CASPAR classification methods. The Moll and Wright system defines psoriatic arthritis as an inflammatory arthritis involving distal interphalangeal joints, with symmetric polyarthritis and oligoarticular arthritis, predominant axial spondylitis, and arthritis mutilans. 72 The CASPAR system is based on both clinical and genetic criteria, considering the family history of psoriasis, involvement of distal joints, juxtaarticular new bone formation, nail involvement, and absence of the rheumatoid factor. 73 Identification of biomarkers for psoriatic arthritis could improve these diagnostic criteria, providing quantitative information about the severity of the disease and facilitating its diagnosis, given the heterogeneity of manifestations of psoriatic arthritis.
Patients with psoriatic arthritis have an additional burden of systemic inflammation compared with patients with the cutaneous form of psoriasis, as reflected by the higher circulating levels of C-reactive protein.
74-76 C-reactive protein levels have been found to correlate with a higher number of involved joints and to represent a negative prognostic predictor, especially for forms of psoriatic arthritis involving the peripheral joints. 77, 78 Another biomarker of inflammation that is increased in patients with psoriatic arthritis is the erythrocyte sedimentation rate, which also correlates with the number of affected joints. 79 Biomarkers of psoriatic arthritis can be detected at the systemic level, in the synovial fluid of the affected joints, or can be represented by predisposing genetic factors. Finally, clinical features of psoriatic arthritis can serve as markers of disease severity.
At the systemic level, there are no conclusive studies focusing on the differences between patients with psoriatic arthritis and those with cutaneous psoriasis. However, in a recent study, it has been shown that patients with psoriatic arthritis have higher levels of IL-6. Serum IL-6 is proposed to represent a more specific marker than C-reactive protein and erythrocyte sedimentation rate in patients with psoriatic arthritis, and its level was found to correlate with the number of joints affected by arthritis. 80, 81 Patients with psoriatic arthritis also have higher serum levels of IL-1 receptor antagonist that correlate with the number of tender and swollen joints. 79 Recently, we have reported higher levels of IL-2 secretion from circulating peripheral blood mononuclear cells upon stimulation in patients with psoriatic arthritis than in those with the cutaneous form of psoriasis and controls, that could reflect differences between the two types of patients with regard to systemic T cell responses (Bosè et al, unpublished data).
Other markers that have been detected in the circulation of patients with psoriatic arthritis reflect cartilage destruction and bone remodeling. These include metalloproteinase-3, osteoprotegerin, and the ratio between C-propeptide of type II collagen and collagen fragment neoepitopes (CPII:C2C). 82 The serum level of the receptor activator of nuclear factor κB ligand (RANKL) reflects the extent of bone erosion and has been proposed as a predictive marker of progressive joint damage. 83 Circulating osteoclast precursors in patients with psoriatic arthritis have also been proposed as cellular biomarkers of disease severity because of their correlation with bone erosion. 84, 85 Other sources of biomarkers in psoriatic arthritis are the synovium and synovial fluid of affected joints. reported increased expression of TNF-α, interferon gamma, IL-6, and IL-1β in the synovium from joints with psoriatic arthritis. 86, 87 In a longitudinal study of patients with psoriatic arthritis undergoing treatment with etanercept, it has been shown that basal IL-1β, IL-6, and IL-22 levels in synovial fluid were correlated with C-reactive protein levels and these cytokines were significantly reduced after this therapy. 86 The association between psoriatic arthritis and natural killer cell pathways is of increasing interest, after the presence of some allotypes of the killer cell immunoglobulin-like receptor (KIR) superfamily were found recently to influence susceptibility to psoriatic arthritis. Indeed, it has been suggested that KIR expression in the synovial fluid of patients with psoriatic arthritis is dominated by activating KIRs (NKG2D , Table 1 ). 88, 89 From the genetic point of view, patients with the cutaneous form of psoriasis and those with psoriatic arthritis share the majority of the predisposing gene variants, in particular an association with HLA-Cw6. Other class I antigens are also associated with psoriatic arthritis, including HLA-B13, HLA-B57, HLA-B39, and HLA-Cw7. From linkage analysis studies, only one locus, ie, PSORAS1 (PSORS8), seems to be specifically associated with psoriatic arthritis. Genome-wide association studies have also shown that single nucleotide polymorphisms at the gene encoding IL-12B were more associated with psoriatic arthritis than with psoriasis alone. Recently, it has also been found that single nucleotide polymorphisms in the IL-13 gene region represent a possible specific risk factor for psoriatic arthritis. This hypothesis is strengthened by previous reports showing localized production of IL-13 in inflamed joints. 5, 18, [90] [91] [92] [93] Finally, from the clinical point of view, psoriatic arthritis is frequently associated with nail disease, and it has been reported that the psoriasis nail severity score is correlated with involvement of the distal interphalangeal joints, as well as with progressive and unremitting arthritis. For this reason, nail changes and especially onycholysis have been proposed as a clinical prognostic marker of psoriatic arthritis.
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Biomarkers of comorbidities
Psoriasis, and especially psoriatic arthritis, are associated with systemic inflammatory conditions that include type II diabetes mellitus, metabolic syndrome, and cardiovascular disease. 2, 3, [96] [97] [98] For this reason, it is of great importance to identify biomarkers that can predict the risk of developing comorbidities. One of the most reliable predictive markers is C-reactive protein, which is a validated biomarker of cardiovascular disease. 41, 99 Another emerging comorbidity associated with psoriasis is obesity. In obese subjects, activated white adipocytes secrete proinflammatory cytokines, such as TNF-α, and adipocytokines, such as leptin, and peripheral blood mononuclear cells secrete resistin that promotes insulin resistance and inflammation. 100 In a cross-sectional study of 39 patients with moderate-to-severe psoriasis, it has been reported that serum levels of resistin are higher and correlated with PASI score. This finding was confirmed by another study of 30 obese patients with psoriasis in whom serum levels of resistin were found to be significantly higher than in controls and to correlate with disease severity. 101, 102 While no differences were found in circulating leptin levels in this study, another study of 43 patients reported that the leptin concentration in serum was significantly higher in those with severe psoriasis than in patients with mild-moderate psoriasis. 103 Therefore, leptin and resistin could be investigated further as candidate biomarkers for prediction of development of insulin resistance and atherosclerosis in patients with psoriatic disease.
Patients with psoriatic disease also exhibit increased circulating markers of oxidative stress (eg, catalase and antioxidized low-density lipoprotein antibody) and higher neutrophil function compared with control subjects. 35 Oxidative damage and lipid peroxidation may further account for atherosclerosis in psoriasis, and longitudinal studies may identify candidate oxidative stress markers as predictors of development of cardiovascular disease ( Table 1) .
Biomarkers of clinical response to biological therapies
Biological therapies for the treatment of psoriasis include T cell agents (alefacept and efalizumab), TNF-α inhibitors (etanercept, infliximab, adalimumab), the anti-p40 agent, ustekinumab, and more recently, the anti-IL-17 agents, ixekizumab and brodalumab. [104] [105] [106] Some of the biomarkers of disease activity summarized in this review (Table 1) have been shown to decrease upon treatment with biological therapeutics and could be validated as clinical or surrogate endpoints. However, at present, reduction in PASI score (PASI75, PASI90, PASI100) remains the current endpoint for assessment of the clinical efficacy of a treatment. 104, 106 The most widely used soluble serum biomarker for the detection of the clinical response to biological therapies is C-reactive protein. In two randomized studies of patients with psoriatic disease treated with etanercept, it has been shown that C-reactive protein levels decreased both in patients with cutaneous psoriasis and in patients with psoriatic disease. In these cases, reduction of C-reactive protein correlated with disease resolution after treatment. 42, 107 Similar results were obtained for patients treated with infliximab or adalimumab. 78, 108, 109 The placebo-controlled Phase III PHOENIX-1study of the efficacy of ustekinumab also demonstrated a reduction in C-reactive protein levels in patients treated with the anti-p40 antibody, reflecting amelioration of the disease. 110 Reduction of C-reactive protein in patients with psoriasis upon treatment has recently been proposed as a factor predictive of reduced risk of developing cardiovascular disease. In a longitudinal study of 42 patients with severe psoriasis treated using systemic therapies (fumaric acid esters, cyclosporine A, methotrexate, etanercept, adalimumab, or ustekinumab) serum markers, such as C-reactive protein, VEGF, and resistin, were reduced by treatment in parallel with PASI score reduction that correlated significantly with downregulation of resistin. 111 In a recent study, we have shown that early downregulation of Vegf expression in psoriatic plaques after anti-TNF treatment correlates strongly with the clinical response (Bosè et al, unpublished data). These findings, together with evidence of an important role for angiogenesis in the pathogenesis of the disease, make VEGF in both psoriatic plaques and serum a promising candidate marker of disease severity and response to therapies.
Gene expression changes in lesional skin can also be used effectively as biomarkers of clinical response. In particular, downregulation of Th17 pathway genes was found to discriminate between responders and nonresponders to etanercept after 12 weeks of treatment, as reported by Zaba et al. 112 We have also shown that the clinical response after 12 weeks of treatment with anti-TNF agents is associated with early downregulation of the CCR7/CCL19 axis, dendritic cell maturation genes, and Vegf, suggesting that these genes could serve as an early marker of clinical response (Bosè et al, unpublished data).
It would be of great interest to detect biomarkers that can predict the clinical outcome of a treatment. These could be represented by differentially expressed genes in skin lesions that can be predictive of the beneficial effects of a given biologic agent. Recently, expression of 23 genes at the skin level has been proposed as a disease response classifier to predict the response to alefacept. Data were obtained from microarray analysis of peripheral blood mononuclear cells from 16 patients with moderate-to-severe psoriasis. 113 Larger longitudinal studies will be needed, but this approach may represent a promising tool to select patients for alefacept treatment.
Recently, a whole-genome transcriptome profiling based on microarray data from 62 lesional skin samples was used to characterize the inflammatory and cytokine network in psoriatic plaques. Patients were stratified according to the inflammatory gene expression into three classes, ie, strong, moderate, or weak, and were further divided into two subgroups based on high or low expression of cytokine-specific transcriptomes (IL-13 strong or IL-13 weak). Such interpatient variability could possibly account for different treatment responses and further studies could support the use of these microarray data to predict patient responses to systemic therapies and to develop personalized treatments.
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How biomarkers provide insights into pathogenesis
Biomarkers of disease severity and clinical response to biological therapies can be very important for improvement of the clinical and therapeutic management of psoriasis. In addition to that, molecular, cellular, and genetic diseaseassociated markers can also provide important insights into the pathogenesis of the disease. The finding that downregulation of Th17 pathway genes can discriminate between responders and nonresponders to etanercept has supported the role of Th17 cells in the pathogenesis of the disease. 112 In target tissues, therapeutic blockade of TNF induces modulation of expression of a wide panel of genes that reflect changes in the cell and cytokine network. According to the current view, disease remission is likely to depend mainly on modulation of the pathways that contribute most to the pathogenesis of the disease. 112, 115, 116 On this basis, we found that downregulation of the CCR7/CCL19 axis is strongly correlated with clinical remission in anti-TNF treated patients (Bosè et al, unpublished data) pointing out an important role for the CCR7/CCL19 axis in the pathogenesis of psoriasis.
The differential expression of cytokines between patients with cutaneous psoriasis and those with psoriatic arthritis may indicate features which can distinguish between the two forms of the disease, and evaluation of the cytokine expression profile by anti-CD3-stimulated T cells may demonstrate different roles of systemic T cell responses in cutaneous psoriasis and psoriatic arthritis.
The genetic associations of psoriasis can also give further information about the pathogenic mechanisms of psoriatic disease and provide new biomarkers. One example is represented by copy number variations of the genes encoding human beta defensins, as reflected in the altered expression pattern of these molecules, that could be used as a biomarker of psoriasis severity. Also, identification of an association submit your manuscript | www.dovepress.com between activating KIR allotypes and psoriatic disease suggests a functional role for abnormal natural killer cells in the pathogenesis of psoriatic disease 88, 89 and could also help to identify novel targets for future therapeutic interventions.
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Conclusion
Biomarkers have the potential to improve the evaluation and management of psoriatic disease. There are still limited data available to validate candidate biomarkers in the different clinical forms of the disease. Longitudinal studies in larger cohorts of patients will help to strengthen the rationale for their use in clinical practice. Promising candidate biomarkers for psoriasis include VEGF, beta defensins, and S100 proteins that can be found both in serum and in psoriatic plaques, and could be used in clinical practice to assess disease severity or as endpoints in studies of therapeutic interventions. A promising field is also the use of genetic variants as predictive risk factors for development of psoriatic disease. Moreover, detection of changes in gene expression that correlate with response to biological therapies is a promising field for the development of new biomarkers that will help to select the most effective therapy for individual patients.
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